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Abstract
We present a study on the atomistic simulation of the spin-polarized transmissions through
InAs/AlSb double barrier resonant tunneling heterostructures. By making use of the atomistic
sp3s* tight binding Hamiltonian including the intra-atomic spin-orbit interaction and the recur-
sive Green’s function method, we obtain the signiﬁcant anisotropic zero-magnetic-ﬁeld spin-
splitting of the resonant transmission peak in the absence of the external electric ﬁeld, demon-
strating the importance of the barrier material and the atomic scale detail of the hetero interfaces
on the spin-splitting.
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1. Introduction
Recently many attentions have been paid to the idea to generate spins in semiconductors by
controlling the spin-orbit interaction electrically without use of any magnetic materials or mag-
netic ﬁelds. One simple and eﬃcient way is to use the spin-dependent resonant tunneling cur-
rent through narrow gap semiconductor heterostructures, where two diﬀerent types of spin-orbit
coupling mechanisms play essential roles. One is the spin-splitting due to structural inversion
asymmetry (SIA) eﬀectively described by the Rashba term [1],
HR = α
(
σxky − σykx
)
, (1)
while the other is the bulk inversion asymmetry (BIA) described by the Dresselhaus term [2],
HD = β
(
σxkx − σyky
)
. (2)
Since both of two mechanisms cause the conduction band spin-splitting in a complicated way,
it is very important to understand how to enhance the spin-splitting of the current by utilizing
these two distinct spin-orbit coupling mechanisms eﬃciently. Moreover, since the spin-splitting
is determined not only by the band structure of the quantum well material, but also by the band
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structure of the barrier material and the atomic scale detail of the interface between the well and
barriers, it is interesting to know how they inﬂuences the spin-splitting.
With such motivations, we present our study on the atomistic simulation of the spin-polarized
electronic current in resonant tunneling heterostructures. We employ the atomistic sp3s* tight
binding Hamiltonian including the intra-atomic spin-orbit interaction [3, 4] for the electronic
state calculation and the recursive Green’s function method for the calculation of the transmis-
sions. The sp3s* tight-binding Hamiltonian [3, 4] with intra-atomic spin-orbit coupling has been
employed since it can reproduce the Rashba and the Dresselhaus types of the spin-orbit coupling
automatically without introducing the phenomenological spin-orbit coupling Hamiltonians.
Figure 1: Two possible interface (IF) structures
between InAs and AlSb: InSb-like (a) and AlAs-
like (b) IFs are shown.
Figure 2: Energy dependence of the total trans-
mission probability for the amplitude of the
transverse wave vector k||a0 = 0.06 and its an-
gle φk|| = π/4. Spin-polarizations for the spin-
quantization axis x, y, and z are also plotted.
2. Model and Method
As a demonstration of our atomistic approach for spin-dependent transport, we study the
transmission through InAs/AlSb/InAs/AlSb/InAs double barrier resonant tunneling structures
(DBRTS) where non-common anion interface exists as shown in Fig. 1. Two barriers are assumed
to have the same width. Since our system is periodic along the transverse (perpendicular to the
current) directions, we can start from the following one-dimensional tight-binding Schro¨dinger’s
equation
Hi,i(k||)Ci(k||) + Hi,i−1(k||)Ci−1(k||) + Hi,i+1(k||)Ci+1(k||) = ECi(k||), (3)
where E is the total energy of an electron, Hi, j(k||) is the k|| (transverse wave vector) dependent
tight-binding Hamiltonian matrix connecting the ith and the jth unit cells along the transport
direction, where the transverse wave vector k|| is included in the transverse Bloch phase factors.
The each unit cell consists of two atoms (anion and cation), and each atom is described by ﬁve
atomic orbitals (s, px, py, pz, and s∗) and two spin components, resulting into 20 orbital⊗spin
basis in a unit cell. In Eq. (3) Ci(k||) is the 20 dimensional eigenvector at the ith cell. In our study,
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the spin-orbit coupling is taken into account in the atomic level, so that the intra-cell Hamiltonian
includes the on-site spin-orbit coupling as
Hi,i = H
(0)
i,i +
2ΔSO,α
3ÿ2
∑
j,mj
〈
j,mj
∣∣∣ ~s · ~L ∣∣∣ j,mj〉 Pj,mj , (4)
where the ﬁrst term is the Hamiltonian without spin-orbit coupling and the second term describes
the spin-orbit coupling. Here ~s (~L) is the spin (orbital) angular momentum operator, j and mj
are the total (orbital+spin) angular momentum and its z-component, respectively, Pj,mj is the
projection operator from the total angular momentum eigenbasis to the orbital⊗spin basis, and
ΔSO,α is the split-oﬀ band parameter with α being the atom index. We use the actual tight-
binding band parameters proposed in Ref. [4]. Once the tight-binding Schro¨dinger’s equation (3)
is given, the corresponding retarded Green’s function and then the spin-dependent transmission
probabilities are calculated eﬃciently employing the recursive Green’s function method.
Figure 3: Transmission and its spin-polarization
for the in-plane (transverse) wave vector k||a0 =
0.06 and φk|| = 0.
Figure 4: Transmission and its spin-polarization
for the in-plane wave vector k||a0 = 0.06 and
φk|| = π/4.
3. Results and Discussions
In Fig. 1 we show two possible interface structures at the hetero interface between InAs and
AlSb. One is so called InSb-like interface shown in (a), while the other is AlAs-like interface
shown in (b). In InAs/AlSb/InAs/AlSb/InAs DBRTS where four InAs/AlSb hetero interfaces
exist, therefore, there are 24 = 16 combinations of interface types (a) and (b). In this paper we
consider the case where the ﬁrst and the third hetero interfaces are AlAs-like, while the second
and the fourth interfaces are InSb-like. We assume that the thicknesses of the barriers and well are
12 monolayers (MLs) and 74 MLs, respectively. Figures 2, 3, and 4 show the energy dependence
of the total transmissions T (E) = T↑↑ + T↑↓ + T↓↑ + T↓↓ and their spin-polarizations at around the
lowest resonant peak for the in-plane wave vector ~k|| = k||
(
~x cos φk|| + ~y sin φk||
)
with k||a0 = 0.06
(a0 is the lattice constant) and three diﬀerent angles φk|| . Here no external electric ﬁeld is applied.
We note that the spin-polarization
P =
T↑↑ + T↑↓ − T↓↑ − T↓↓
T↑↑ + T↑↓ + T↓↑ + T↓↓
(5)
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is calculated and plotted for three diﬀerent spin-quantization axes x, y, and z. Figure 2 demon-
strates that the resonant peak for φk|| = π/4 splits into two peaks, where the spin-polarization
angles of the lower and the higher peaks are approximately −π/4 and −π/4 + π with respect to
the x-axis, respectively. When the angle of the in-plane wave vector is φk|| = 0, as shown in
Fig. 3, the energy diﬀerence between the lower and the higher peaks decreases, and the spin-
polarization angles of two peaks are rotated clockwise only by 0.2[rad] compared with the case
for φk|| = π/4. Finally, Fig. 4 shows that the spin-splitting of the resonant peak disappears when
the angle of the in-plane wave vector is φk|| = −π/4. While such strong anisotropic behavior
of the spin splitting cannot be expected by the pure Dresselhaus mechanism that is anticipated
to be a dominant spin-orbit coupling mechanism in the absence of the SIA, we can expect such
behavior when the Dresselhaus and the Rashba mechanisms co-exist as
HSO = α
(
σxky − σykx
)
+ β
(
σxkx − σyky
)
(6)
with the same magnitude of the Rashba and the Dresselhaus parameters α and β as discussed
in Ref. [5]. Since our system is macroscopically symmetric in the absence of the longitudinal
electric ﬁeld, and the electric ﬁeld is assumed to be zero in Fig. 2, 3, and 4, the strong anisotropic
behavior obtained in our calculations should be cast into the microscopic (atomic scale) asym-
metry at the hetero interfaces. That is, although the system has inversion symmetry in the macro-
scopic sense that two barriers are made of the same material and have the same width, the left
and the right hetero interfaces of the quantum well are actually diﬀerent (i.e., the left interface
is InSb like and the right one is AlAs like), leading to the structural inversion asymmetry in the
microscopic (atomic) scale. We also note that the atomic scale detail of the hetero interfaces be-
tween the AlSb barriers and the InAs electrodes does not play essential role in the spin-splitting
behavior.
4. Conclustion
We have presented a study on the atomistic simulation of the spin-polarized transmissions
in InAs/AlSb double barrier resonant tunneling heterostructures. By making use of the atom-
istic sp3s* tight binding Hamiltonian including the intra-atomic spin-orbit interaction and the
recursive Green’s function method, we have obtained the signiﬁcant anisotropic zero-magnetic-
ﬁeld spin-splitting of the resonant transmission peak in the absence of the external electric ﬁeld,
demonstrating the importance of the barrier material and the atomic scale detail of the hetero
interface on the spin-splitting.
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